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Many studies of asthma mortality rely on ocial registration. The aim of this study was to evaluate the accuracy of
death certificates, where asthma was coded as cause of death.
In a 12-month period, medical information on all subjects with asthma ocially coded as the underlying cause of
death in Denmark, was obtained by reviewing hospital records, contacting general practitioners and sometimes
close relatives. A panel of four pulmonologists each examined the obtained information and independently assessed
the cause of death.
Of a total of 218 death certificates, 39 were excluded as the cause of death could not be validated. In 16 (9%) of
the subjects death from asthma was judged to be the definite cause of death and in 12 (7%) death from asthma was
possible. Of 151 non-asthma deaths coded as due to asthma, 109 were judged to have suered or died from COPD
and 14 from heart disease.
The accuracy of Danish death certification in asthma deaths is poor, especially in the elderly, where COPD is
often classified as asthma. We conclude that the true asthma mortality in Denmark is substantially lower than
ocially recorded.
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During recent decades, mortality from asthma in all age
groups has fluctuated in several developed countries (1–5).
From the mid/late 1970s to the mid/late 1980s a steady rise
was seen in all age groups in United States, Australia, West
Germany, Denmark, England/Wales, Italy, Israel and
France (6,7). New Zealand was the only country that
experienced an epidemic around 1980. From the mid/late
1980s a decline or at least a stabilization in asthma
mortality has been observed in many countries (1,4–6,
8–12).
The fluctuations in asthma mortality have been attrib-
uted to an increase in prevalence and severity of asthma (13,
14), changing diagnostic habits (13,15–22), social/racial/
psychological problems (23), side eects of short-acting b2-
agonists, especially fenoterol (24), and change from the
eighth (ICD8) to the ninth (ICD9) revision of the
International Classification of Diseases (in Denmark this
was not the case, since ICD10 was applied from January
1994, having used ICD8 in the period 1969–1993) (9).Received 23 February 1999 and accepted in revised form 26
October 1999.
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0954-6111/00/040373+05 $35?00/0In order to test the validity of the reported asthma
mortality in Denmark, we have scrutinized all deaths
classified as deaths from asthma in the period 1. April 1994
to 31 March 1995.
Methods
DATA COLLECTION
In Denmark, death certificates are issued by a physician
and sent to the Danish National Board of Health. The
causes of death are coded according to the rules and
classification of the WHO. The main rule is that the
condition entered on the lowest used line in Part 1 of the
death certificate is selected for statistical coding, unless it is
improbable that this condition gave rise to all the
conditions entered above it. If more than one condition is
entered on the lowest used line in Part 1, the first mentioned
condition is chosen for coding.
A copy of all death certificates coded as asthma (J45) or
status asthmaticus (J46) by the Danish National Board of
Health during the period 1 April 1994 to 31 March 1995
was sent to the research team. A total of 218 death
certificates were obtained.# 2000 HARCOURT PUBLISHERS LTD
FIG. 1. Age distribution of ocially coded asthma deaths.
Cases coded with asthma as the underlying cause of death
in Denmark in the period 1 April 1994 to 31 March 1995.
n  218. The panels judgement to cause of death, is shown
for each age division.&: Excluded, : not asthma death;
: possible asthma death; &: definite asthma death.
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hospital records, the patient’s general practitioner and
when needed from a close relative. KS compiled all
information and produced an extensive summary of the
medical history. The following parameters were registered
from hospital records and general practitioners: age,
gender, atopy among first degree relatives, hay fever or
eczema, symptoms of allergy to specific inhalation aller-
gens, respiratory problems in childhood, duration of lung
disease, smoking habits, working conditions with special
focus on pulmonary toxicity, former admissions to hospital,
former episodes of mechanical ventilation, medication for
asthma and other diseases, major competitive diseases,
previous examinations by a specialist in pulmonology or
allergology, blood (B) eosinophils, total B-IgE, allergen
specific B-IgE, skin-prick test (pollen, animals, house dust
mites, moulds), B-haematocrit, arterial B-gas-analysis
during exacerbation’s height, spirometry including reversi-
bility to b2-agonists and/or steroids [forced expiratory
volume in 1 sec (FEV1) forced vital capacity (FVC), FEV1/
FVC] and peak flow (lowest, highest and last measured
value), chest roentgenogram and electrocardiogram (ECG).
In 214 cases (98%) hospital records and/or a practitio-
ner’s questionnaire was obtained.
The anonymous case report was sent to a panel of four
pulmonologists (PL, FM, USP, KV).
ASSESSMENT OF DATA
On the basis of the summary each member of the panel
determined independently the underlying cause of death:
asthma, COPD, heart or other disease (specified). An
option that not enough information was available to
determinate the underlying cause of death was also present.
The panel classified the pulmonary disease from which
the patient suered (underlying lung disease): asthma,
COPD, neither asthma nor COPD, and insucient
information. For COPD sub-classification was possible:
(a) COPD, never had asthma, (b) COPD, started with
asthma but turned into COPD because of smoking, (c)
COPD, started with asthma but turned into COPD without
smoking and (d) COPD, unspecified.
When three of the four panel members agreed on the
cause of death, it was accepted as the true cause of death.
The cause of death could be dicult to determine, even
when all written reports are available (21,25). The cases, in
which agreement on the cause of death was not obtained,
were evaluated according to the patient’s underlying lung
disease. If the patient suered from asthma, but the cause
of death was unknown or uncertain, this was considered a
possible asthma death. If the patient had COPD or did not
have either asthma or COPD, this was considered as a non-
asthma death.
If the panel judged that the information was insucient
to determine either cause of death or underlying lung
disease, the patient was excluded from the analysis. This
was also the case when agreement among three or four
panel members was not obtained.The study was approved by the Central Scientific
Ethical Committee of Denmark and the National Register
Inspection.
Results
In 218 cases asthma was coded as the underlying cause of
death. There were 98 males and 120 females. The mean age
was 726 years (Fig. 1).
Thirty-nine cases (18% of the total deaths) were excluded
from further analysis (Mean age 734 years, range 41–91):
in 26 cases because of insucient information on death
circumstances and underlying lung disease and in 13 cases
because of disagreement within the panel.
Three or four of the pulmonologists agreed on the cause
of death or underlying lung disease in 179 cases (82% of the
total number of deaths). In 98 cases all four pulmonologists
agreed, in 43 cases three pulmonologists agreed and one
pulmonologist found lack of information for a diagnosis,
and in 38 cases three pulmonologists agreed and one
pulmonologist discharged. These 179 were further analysed.
Twenty-eight cases (16% of the included cases) were judged
as definite or possible deaths from asthma, while in 151
cases (84%) asthma was not considered as the most likely
death cause (Table 1 and Fig. 1). Agreement between the
panel and the National statistic with regard to definite or
possible asthma death was highest in younger age groups
being 100% in patients535 years, 29% in 35–64 years old
and only 11% in subjects  65 years. The majority of the
151 deaths, regarded by the panel as wrongly attributed to
asthma (Table 2), were thought to have been caused by
COPD (n  48) or heart disease (n  14). In addition, a
possibility of an asthma death was rejected because COPD
TABLE 1. Death causes for ocially registered asthma deaths according to panel
All 535 years 35–64 years 4=65 years
n  179 n  2 n  37 n  140
Death from asthma* 16 (9%) 2 (100%) 9 (24%) 5 (4%)
Possible death from asthma** 12 (7%) 0 (0%) 2 (5%) 10 (7%)
Non-asthma death*** 151 (84%) 0 (0%) 26 (70%) 125 (89%)
*Agreement on asthma as underlying cause of death.
**The patient suered from asthma, but the cause of death is unknown.
***False positive: (a) cause of death other than asthma or (b) death cause unknown, but the patient did not suer from
asthma.
TABLE 2. Death causes according to the panel, for subjects who were ocially registered as having died from asthma, but
accoding to the panel suered a non-asthma death
All 535 years 35–64 years 4=65 years
n  151 n  0 n  26 n  125
COPD 48 (32%) — 12 (46%) 36 (29%)
Heart disease 14 (9%) — 3 (12%) 11 (9%)
Another disease* 22 (15%) — 5 (19%) 17 (14%)
Death cause unknown, but not suering from asthma
Suered from COPD 61 (40%) — 6 (23%) 55 (44%)
Suered either from asthma or COPD 6 (4%) — — 6 (5%)
Pneumonia (10), sepsis (1), cancer (3), tuberculosis with thoracoplasty (3),
lung embolus (1), apoplexia cerebri (2), bleeding from ulcer (1), medicine intoxication (1).
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disease in 61 cases.
Subjects with definite asthma death were on average
younger than the total study group (Mean age 565 years,
range 28–86, nine males, seven females), whereas those with
possible asthma death were older (Mean age 789 years,
range 58–94, six males, six females).
Autopsy was performed on only five patients. Of these
both the autopsy and the panel diagnosed two (age 28 and
41) as dying from asthma, two (age 57 and 83) from heart
disease and one (age 46) from pneumonia.
Diagreement between the death certificate and the
opinion of the pulmonologist panel varied according to
speciality completing the certificate: the coroners had 75%
false positive, the patients family doctors 80%, the hospital
doctors 87% and locum doctors certifying in patients home
91%.
According to coding rules by ICD10, 13 certificates were
clearly wrongly coded by the ocial registrar; six should
have been coded as heart disease, three as COPD and four
as pneumonia. Additionally in 17 cases causa ignota or
institio cordis (cause of death unknown; a term used if no
background information was available) was written in
Part 1 and asthma in Part 2 of the certificate, with no
further information that could have led to permissible
interpretation.Discussion
In this study, covering all deaths coded as caused by asthma
during a 1-year period in Denmark, we found a very high
rate of false positive registration according to a panel of
pulmonologists who carefully reviewed the available
information of the patient history and death circumstances.
Mostly this was caused by wrong ambiguous certification
by doctors completing death certificates, but wrong coding
praxis by the ocial registrar also occurred. According to
the panel, misclassification of COPD as asthma was often
obvious.
Since there is no gold standard dierentiating COPD
from asthma, especially in the elderly, the diagnosis will
always be influenced by subjective judgement. In similar
retrospective studies (19,21,26,27) an attempt to make clear
discrimination between asthma and COPD was tried, but
some kind of general judgement or disagreement among
panel-members occurred anyway. We therefore decided to
let the panel use their usual diagnostic criteria (17,28), with
respect to new consensus reports of the diagnosis of asthma
and COPD (29,30).
Since most patients died outside hospital, the exact cause
of death was often hard to determine. This was most
pronounced in older people with concurrent diseases. On
the other hand, in many cases we could characterize the
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from hospitals, chest clinic, general practitioner and
relatives. In this way it was possible on the foundation of
the underlying lung disease, to make probable or to exclude
an asthma death.
The high false positive rate of 84%, was strongly age-
dependent, with no false positive in subjects535 years and
89% false positive in those 465 years. Most previous
studies (15,17–19,27,31) have shown similar age-related
misclassification rates, but a recent study in contrast to our
findings has shown a very low false positive rate of only
16% of the total material (26).
As in other studies the validity of the certification
depends on the doctor who issues the death certificate,
with hospital doctors and non-family doctors being more
inaccurate than coroners and family doctors.
In this study there were many deaths registered as asthma
deaths, which according to currently accepted consensus
reports (29, 30) should have been diagnosed as COPD. As
asthma can result in irreversible airflow obstruction (32–34)
one could suspect that the high proportion of false positive
asthma diagnosis may reflect the dierent conception of
this condition between doctors filling in the certificates
(mostly general practitioners) and our panel consisting
of pulmonologists. Most of the COPD cases comprised
typical smoking COPD patients with no history of
asthma. So if we included ‘COPD, started with asthma
but turned into asthma without smoking’ under the label
of asthma instead of COPD it would have no impact on the
final results, because of the low numbers. In an older
study of certification habits between European doctors (35),
Danish doctors were second only to Italian doctors in
being reluctant to diagnose an ambiguous case with a
mixture of COPD and asthma as asthma. This
indicates that in general Danish doctors do not
favour asthma to COPD more than other European
doctors, when issuing death certificate in middle age or
older persons.
Some asthma deaths may have been missed in our study.
This could be cases excluded due to lack of information or
disagreement between members of the panel, but since this
group mostly consisted of elderly subjects, it seems unlikely
that this would have aected our conclusion. But as we
have only investigated death certificates coded as asthma,
we are likely to have missed some true asthma deaths coded
as other diseases (28).
In summary, we have shown a poor accuracy of death
certification for asthma in Denmark, with an estimated
false positive rate of 84%, markedly rising with increasing
age. We therefore suggest that the true asthma mortality in
Denmark is substantially less than ocially stated.
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